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SUMMARY 

T h i r d  Q u a r t e r l y  Report  
NASA C o n t r a c t  No. NAS5-3813 
ESB Report  No. E-41-65 

E l e c t r o l y t e  l e v e l  c o n t r o l  h a s  been o b t a i n e d  i n  s e a l e d  6 AH 

n i c k e l  cadmium c e l l s  w i t h  both metal and p l a s t i c  be l lows  d u r i n g  24  

hour o r b i t  c y c l i n g .  E l e c t r o l y t e  l e v e l  h a s  v a r i e d  from n e a r  f u l l  

f l o o d  a t  end of d i s c h a r g e  t o  40% immersion a t  end o f  charge .  An 

a u x i l i a r y  e l e c t r o d e  and i n c r e a s e d  amount o f  charged cadmium a c t i v e  

material  have improved oxygen recombinat ion.  

Polypropylene f i l m ,  h e a t  s e a l e d  i n t o  small  p a r t i a l l y  i n f l a t e d  

p i l l o w s ,  has shown e x c e l l e n t  be l lows  a c t i o n  i n  b o t h  c e l l  tes ts arid 

f l e x i n g  tes ts .  No f a i l u r e s  occurred  a f t e r  f l e x i n g  under 200A KOH f o r  

a t o t a l  o f  26,500 cyc les :  7700 c y c l e s  a t  room tempera ture ,  7800 c y c l e s  

a t  0°C and 11 ,000  c y c l e s  a t  40°C. 

can b e  used t o  " t a i l o r "  a bel lows f o r  s e n s i t i v i t y  t o  a c t i o n  r a n g i n g  

from c h i e f l y  compression t o  c h i e f l y  expansion,  

S e l e c t i v e  grouping  o f  p i l l o w  u n i t s  

S e a l e d  8 AH s i l v e r  cadmium c e l l s  des igned  f o r  optimum recombina t ion  

and be l lows  a c t i o n  are under c o n s t r u c t i o n .  The be l lows  compartment 

amounts t o  l ess  than  one- four th  of  c e l l  he ight . ,  Charge 

be l lows-swi tch  combination i s  under d e s i g n  f o r  t h i s  c e l l .  
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INTRODUCTION 

Work i n  t h e  t h i r d  q u a r t e r  has been concerned wii-h a l l  i-hree develop-  

menta l  t a s k s .  Exper ience  thus  gained i s  a p p l i c a b l e  t o  t h e  des ign  o f  

d e l i v e r a b l e  c e l l s  under Task 4. 

The t e s t  program o f  Task 1, t h e  Ni-Cd system, i s  under way. T e s t  

c e l l s  were des igned  t o  enhance oxygen recombina t ion  by t h e  use  o f  20% 

KOH e l e c t r o l y t e ,  by a h i g h e r  r a t i o  o f  charged n e g a t i v e  t o  charged p o s i t i v e  

a c t i v e  T a t e r i a l  and by use  o f  a u x i l i a r y  e l e c t r o d e s .  

Twc parameters  have demanded f u r t h e r  cons ide ra - t ion  f o r  be l lows  equipped 

c e l l s  - (1) t h e  e l e c t r o l y t e  l e v e l  a t  a tmospher ic  p r e s s u r e  b e f o r e  s e a l i n g  

and ,  (2) t h e  imposed c e l l  p r e s s u r e  and t h e  e l e c t r o l y t e  l e v e l  a f t e r  s e a l .  

A clamped g a s k e t  s e a l  f o r  t h e  t e s t  c e l l s  has  been adopted t o  a l low 

v e r s a t i l i t y  i n  changing  such parameters  as t h e  s e p a r a t o r .  This  s e a l  h a s  

p e r m i t t e d  t h e  s e l e c t i o n  of  optimum c o n d i t i o n s  f o r  t h e  f i n a l  c y c l e  t e s t s .  

Exper ience  i n  f a b r i c a t i n g  p l a s t i c  p i l l o w  u n i t s  has  made i t  p o s s i b l e  t o  

" t a i l o r "  a be l lows  t o  t h e  type  o f  a c t i o n  needed. 

The d e s i g n  of  a s e a l e d  c e l l  w i t h  a p r a c t i c a l  r e c t a n g u l a r  be l lows  

c o n f i g u r a t i o n  h a s  been worked o u t  f o r  t h e  Ag-Cd system of  Task 2 .  Twenty- 

four o f  t h e s e  c e l l s  w i t h  f o u r  d i f f e r e n t  s e p a r a t o r  systems and a p l a s t i c  

be l lows  s u b s t i t u t e ,  a s e r i e s  of r e c t a n g u l a r  p i l l o w s ,  a r e  under c o n s t r u c t i o n  

f o r  t h e  t e s t  program. A s l o t t e d  p i l l o w  "cage" s e r v e s  t o  conf ine  t h e  buoyant  

p i l l o w s  and a f f o r d s  easy  passage f o r  l i q u i d s  and freedom of movement f o r  

f o r  t h e  p i l l o w s .  Thin a u x i l i a r y  oxygen recombina t ion  e l e c t r o d e s ,  p l a c e d  

- 1 -  
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a g a i n s t  t h e  o u t e r  p l a t e s  of t h e  c e l l  pack,  a re  connected to a t h i r d  c e l l  

t e r m i n a l  t o  a l low moni tor ing  of t h e  recombinat ion r a t e .  

The c e l l  d e s i g n  of  Task 2 is b e i n g  adapted to t h e  be l lows-swi tch  c o n t r o l  

f o r  Task 3 .  A combination of metal bel lows w i t h  mechanical  s w i t c h  i s  

under d e s i g n  s t u d y  w i t h  t h e  Servometer Corpora t ion ,  t h e  s u p p l i e r  o f  

e lec t roformed n i c k e l  bel lows.  A p l a s t i c  be l lows-pressure  s w i t c h  combination 

i s  under s t u d y  w i t h  t h e  Metals and C o n t r o l s  D i v i s i o n  o f  t h e  Texas I n s t r u m e n t  

Company, s u p p l i e r  o f  subminia ture  s w i t c h e s .  

2 .  WORK ACCOMPLISHED D U R I N G  THIRD QUARTER 

2 . 1  Task 1 - F e a s i b i l i t y  of E l e c t r o l y t e  Level  C o n t r o l  by Bellows I n  A 

S e a l e d  Cd/KOH/NiOOH Cel l .  - Parameter s t u d i e s  i n  t h e  second q u a r t e r  w i t h  

4 AH s i n t e r e d  p l a t e  c e l l s  e s t a b l i s h e d  t h e  advantage o f  u s i n g  20% KOH 

e l e c t r o l y t e  and t h i n  open weave s e p a r a t o r  materials f o r  promoting oxygen 

recombina t ion  i n  a s e a l e d  c e l l  wi th  bel lows c o n t r o l l e d  e l e c t r o l y t e  l e v e l ,  

F u r t h e r  o p t i m i z a t i o n  w a s  foreseen  by i n c r e a s i n g  t h e  r a t i o  o f  charged 

n e g a t i v e  a c t i v e  m a t e r i a l  t o  charged p o s i t i v e  a c t i v e  mater ia l  (1) and by 

u s e  of a u x i l i a r y  oxygen e l e c t r o d e s  connected t o  t h e  n e g a t i v e  group ( 2 ) .  

A l l  o f  t h e s e  f a c t o r s  have been i n c o r p o r a t e d  i n t o  t h e  6 AH c e l l s  now engaged 

i n  t h e  e v a l u a t i o n  program. The e v a l u a t i o n  t e s t  s c h e d u l e  as d e s c r i b e d  i n  

t h e  Second Q u a r t e r l y  Report  (3) i s  b e i n g  fol lowed b u t  t h e  s e l e c t i o n  o f  

p a r a m e t e r s  t o  b e  used f o r  o p t i m i z i n g  performance h a s  been de layed ,  T h i s  

change i n  t h e  program p l a n  w i l l  broaden t h e  scope o f  s t u d y  w i t h o u t  undue 

e x p e n d i t u r e  of t i m e ,  e f f o r t  o r  m a t e r i a l s .  E s s e n t i a l l y  i t  p r o v i d e s  f o r  

e v a l u a t i o n  of t h e  fo l lowing:  

- 2 -  
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a ,  

b. 

C.  

d .  

Four s e p a r a t o r  systems i n s t e a d  o f  t h e  o r i g i n a l  

two r 

V a r i a t i o n s  i.n c o n s t r u c t i o n  and arrangement  of 

t h e  p l a s t i c  p i l l o w s  

A comparative check on oxygen e l e c t r o d e  

e f f e c t i v e n e s s .  

E l e c t r o l y t e  l e v e l  b e f o r e  and a f t e r  s e a l .  

Bellows s t u d y  has  inc luded  c a l i b r a t i o n  of  b o t h  s i zes  of t h e  purchased 

n i c k e l  be l lows  a long  w i t h  t h e  development and c a l i b r a t i o n  of  a s u i t a b l e  

n o n - m e t a l l i c  be l lows  s u b s t i t u t e .  

2 . 1 . 1  Con t inua t ion  of Parameter S tudy .  - 

2 1.1.1 Modi f i ca t ion  of  Cloth S e p a r a t o r  By Fi lamen-ts .  - 

a. Modif ica t ion  Goal = Improvement i n  e l e c t r o l y t e  

d r a i n a g e  wi thou t  impairment o f  d i s c h a r g e  o r  over -  

charge  c h a r a c t e r i s t i c s  - 
b.  S e p a r a t o r  D e s c r i p t i o n  

F i l amen t  = 11 m i l  b l ack  polypropylene  mono- 

f i l a m e n t .  Three s t r a n d s  wrapped v e r t i c a l l y  

around the  p o s i t i v e  p l a t e s  and even ly  spaced.  

C lo th  = AGB, Type 8M, 9 6  mesh, ny lon  mono- 

f i l a m e n t  c l o t h ,  4 m i l s  t h i c k ,  wrapped i n  double  

l a y e r  around t h e  p o s i t i v e  p l a t e  w i t h  i t s  s t r a n d s .  

c. T e s t  Cel ls  = Two unsea led  4 AH, s i n t e r e d  p l a t e ,  

- 3 -  
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n i c k e l  cadmium c e l l s ,  C e l l  No. 3 with  25% 

KOH and C e l l  No. 4- w i t h  20% KOH. 

d .  T e s t  To Measure E f fec t  of  F i lament  and C l o t h  

S e p a r a t o r s  on Discharge  C h a r a c t e r i s t i c s  a t  

Three D i f f e r e n t  Elec t ro1y . te  Levels .  - 

(1) Test Procedure.  - 

Charge (cells f looded)  = a t  400 m a  f o r  

1 6  hours  (1.6C) 

Dischqrge ( a t  s e l e c t e d  e l e c t r o l y t e  l e v e l )  

a t  2 . 0  amps (C/2) t o  1. OOV. 

Discharge No. 1 a t  100% e l e c t r o l y t e  

l e v e l  (flooded) 

Discharge No. 2 a t  500k e l e c t r o l y t e  

l e v e l .  Discharge  t o  c u t o f f  V ,  then  

f l o o d  c e l l  and r u n  r e s i d u a l  d i s c h a r g e  

-to c u t o f f  v.  
Discharge No. 3 a t  10% e l e c t r o l y t e  l e v e l .  

(2) Test  R e s u l t s .  - 

Figure  1 i s  a p l o t  of t h e  d i s c h a r g e  v o l t a g e  

c h a r a c t e r i s t i c s ,  It shows p r a c t i c a l l y  no 

e f f e c t  a t  50% l e v e l  b u t  i n d i c a t e s  a d e f i n i t e  

drop i n  c a p a c i t y  t o  less  than  1/2 f looded  

c a p a c i t y  a t  1OOA e l e c t r o l y t e  l e v e l .  The 

curve f o r  25% KOH s u g g e s t s  a somewhat 

g r e a t e r  tendency toward l e v e l  s e n s i t i v i t y .  

- 4 -  
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(3) Discussion.  - 

When compared w i t h  t h e  d a t a  o b t a i n e d  f o r  

n e t  s e p a r a t o r s  and f o r  nylon c l o t h  w i t h o u t  

f i l a m e n t ,  shown i n  F i g u r e  5 of  t h e  Second 

Progress Repor t ,  (3) t e s t  r e s u l t s  show t h a t  

f i l a m e n t s  can be used w i t h o u t  impairment of  

d i s c h a r g e  c h a r a c t e r i s t i c s .  It seems l i k e l y  

a l s o ,  t h a t  v a r i o u s  d e g r e e s  of  l e v e l  e f f e c t  

could  be o b t a i n e d  by u s e  o f  d i f f e r e n t  f i l a m e n t  

d i a m e t e r s  . 
e. Tes t  to Measure E f f e c t  of  F i lament  and Clo th  S e p a r a t o r s  

On Overcharge C h a r a c t e r i s t i c s  of  Sea led  Ce l l s  With P l a s t i c  

P i l l o w  Level  Control .  - 

(1) Sealed  T e s t  C e l l  C h a r a c t e r i s t i c s .  - 

Bellows = 4 m i l  polypropylene f i l m  h e a t  

s e a l e d  i n t o  r e c t a n g u l a r  p i l l o w ,  2 x 1-7/8",  

w i t h  1 .5  cc t rapped  a i r .  

E l e c t r o l y t e  Quant i ty  = 1.0% l e v e l  a t  atmosphere 

p r e s s u r e -  

S e a l  Condi t ions = Cells  evacua-ted to 28" Hg a t  

s e a l .  

R e s u l t i n g  E l e c t r o l y t e  Level: 

C e l l  No. 3 = 84% immersion 

C e l l  No. 4 = 86% immersion 

- 5 -  
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(2) Tes t  Procedure. - 

Charge: a t  200 mA (C/20) and cont inue  i n t o  

overcharge t o  e q u i l i b r i u m .  

Monitor: C e l l  v o l t a g e ,  p r e s s u r e  and e l e c t r o l y t e  

l e v e l .  

(3) T e s t  Resul t s .  - 

F i g u r e  2 shows t h e  v a r i a t i o n  o f  v o l t a g e ,  p r e s s u r e  

and l e v e l  o v e r  a 58 hour  p e r i o d .  With o n s e t  of  

overcharge t h e  e l e c t r o l y t e  l e v e l  i n  b o t h  ce l l s  

dropped below 100/0, and by 30 hours  t h e  l e v e l  had 

s t a b i l i z e d  a t  a b o u t  1%. 

C e l l  No. 3, w i t h  25% KOH, showed s t e a d i l y  i n c r e a s i n g  

v o l t a g e  and p r e s s u r e ,  r e a c h i n g  1 . 6  V and 40 PSIA 

by 44 hours and 1 .62  V and 52 PSIA by 58 hours .  

C e l l  No. 4, w i t h  20% KOH, w a s  e s s e n t i a l l y  v o l t a g e  

s t a b i l i z e d  by 28 hours  a t  1 - 4 4  V and p r e s s u r e  

s t a b i l i z e d  by 40 hours  a t  23 PSIA. 

(4) Discussion.  - F i l a m e n t s  of  11 m i l  diameter do 

n o t  impair overcharge  a b i l i t y  a t  t h e  C/20 r a t e  

i n  c e l l s  a c t i v a t e d  w i t h  20% KOH. 

2.1.1.2 Oxvgen E l e c t r o d e  E f f e c t  i n  4 AH S e a l e d  Ce l l  w i t h  P i l l o w  

Level  Cont ro l .  - P r e s s u r e  and l e v e l  v a r i a t i o n  d u r i n g  24  hour  c y c l i n g  h a s  

been determined f o r  t h e  same cell  i n  two d i f f e r e n t  c o n d i t i o n s :  

F i r s t  - With a small oxygen e l e c t r o d e  and a reduced 
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a r e a  o f  exposed p l a t e  s u r f a c e  (by i n i t i a l  

f i l l i n g  t o  50% l e v e l  f u r t h e r  reduced by 

l e v e l  r i s e  due t o  be l lows  a c t i o n ) .  

Second - With no oxygen e lec- t rode  b u t  w i t h  a r e l a t i v e l y  

l a r g e  a r e a  of exposed n e g a t i v e  p l a t e  s u r f a c e  

(by i n i t i a l  f i l l  t o  o n l y  1P/, l e v e l )  . 

Following a re  t e s t  d e t a i l s  and r e s u l t s :  

a. T e s t  Cel l  C h a r a c t e r i s t i c s  ( C e l l  No. 4) .  - 

E l e c t r o l y t e  = 20% KOH 

E l e c t r o l y t e  Level  a t  S e a l  = 100% immersion 

under vacuum. 

S e p a r a t o r  = Fi lament  p l u s  c l o t h  combination 

from previous  t e s t .  

R a t i o  Charged Negative t o  Charged P o s i t i v e  = 1 . 3  

Bellows: 4 m i l  polypropylene p i l l o w ,  2"  x 1-7/8" 

Oxygen E l e c t r o d e .  - An oxygen e l e c t r o d e ,  

5/8 x 3-1/4 x .015" w a s  p l a c e d  v e r t i c a l l y  n e x t  

t o  the elemen-t and o p p o s i t e  t h e  p l a t e  edges 

w i t h  t h e  e l e c t r o d e  p l a n e  b e i n g  p e r p e n d i c u l a r  

t o  the p l a n e  o f  t h e  p l a t e s .  This  e l e c t r o d e  w a s  

grounded t o  t h e  n e g a t i v e  p l a t e  group by welded 

connect ion i n s i d e  t h e  c e l l .  A p i e c e  of  3 m i l  

EM476 non-woven ma te r i a l  s e r v e d  t o  s e p a r a t e  

t h e  e l e c t r o d e  from t h e  p l a t e  edges and t o  supply  

i t s  i n n e r  f a c e  wi-th e l e c t r o l y t e  by wicki.ng ac t . ion .  

- 7 -  
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b. 

C. 

A p i e c e  o f  34 mil p o l y e t h y l e n e  " toy  bag" n e t t i n g  

w i t h  diamond axes  1/4" x 1/4" l o n g  w a s  p l a c e d  

between t h e  o u t e r  f a c e  and t h e  c o n t a i n e r  w a l l ,  

The r a t i o  o f  p o s i t i v e  a c t i v e  p l a t e  area t o  o u t e r  

oxygen e l e c t r o d e  area w a s  22  t o  1. 

Test  Cycle. - 

Charge 22 hours  a t  0 .25  ampere (1.37 C ) .  

Discharge 2 hours  a t  1 - 4 0  amperes (0.7 C ) ,  

Test  R e s u l t s .  - F i g u r e  3 shows t h e  v a r i a t i o n  of 

c e l l  p r e s s u r e  and e l e c t r o l y t e  l e v e l  o v e r  a 2 4  

hour per iod .  The p r e s s u r e  developed i n  b o t h  

c e l l s  remained e s s e n t i a l l y  e q u i v a l e n t  d e s p i t e  

t h e  c o n s i d e r a b l e  d i f f e r e n c e  i n  p l a t e  f l o o d i n g  

as ou-t l ined i n  t h e  f o l l o w i n g  t a b l e .  

Per iod  

P r e s s u r e  b u i l d u p  
d u r i n g  charge 

P r e s s u r e  d e c l i n e  
d u r i n g  d i s c h a r g e  

E l e c t r o l y t e  
Level  V a r i a t i o n  

C e l l  Without E l e c t r o d e  C e l l  With Oxygen E l e c t r o d e ,  

42% t o  18% 100% t o  46% 

18% t o  23% 46% t o  74% 

23% to 28% 74% t o  94% P r e s s u r e  d e c l i n e  
d u r i n g  e a r l y  charge  

The d i f f e r e n c e  i s  a t t r i b u t e d  t o  enhancement of  oxygen recombinat ion r a t e  

by t h e  a u x i l i a r y  e l e c t r o d e .  

2 .1 .1 .3  E f f e c t  of  S e p a r a t o r  and E l e c t r o l y t e  Content  on Bellows 

Requirements.  - The f u l l  r a n g e  o f  l i q u i d  l e v e l  c o n t r o l  by a c t i o n  o f  a bel lows 

- 8 -  
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d e v i c e  c o n t a i n i n g  t r apped  a i r  can b e  accomplished i n  3 d i f f e r e n t  ways: 

c h i e f l y  by expans ion;  c h i e f l y  by compression;  o r  by a combinat ion o f  

t h e  two f u n c t i o n s .  

The mode of  a c t i o n  i n  a sea l ed  c e l l  is dependent on t h r e e  f a c t o r s :  

a.  I n i t i a l  l e v e l  o r  q u a n t i t y  o f  e l e c t r o l y t e  i n  t h e  

c e l l  b e f o r e  s e a l i n g .  

b .  I n i t i a l  p r e s s u r e  i n  t h e  c e l l  a d j u s t e d  a t  the 

moment of  s e a l i n g  t h e  c e l l  by p r e s s u r i z i n g ,  

evacua t ing ,  o r  l e a v i n g  t h e  c e l l  a t  a tmospher ic  

p r e s s u r e  . 

c. Q u a n t i t y  of a i r  t r a p p e d  i n  t h e  be l lows  d e v i c e .  

For  a s p e c i f i c  be l lows  and f o r  each  o f  t h r e e  d i f f e r e n t  s e p a r a t o r s ,  

t h e  g o a l  o f  t h i s  t e s t  h a s  been a f a m i l y  o f  character is t ic  c u r v e s  showing 

t h e  l i q u i d  l e v e l  v e r s u s  c e l l  p r e s s u r e  r e l a t i o n s h i p  a t  s e l e c t e d  v a l u e s  of  

e l e c t r o l y t e  c o n t e n t  f o r  a d j u s t i n g  t e s t  c e l l s  t o  o p e r a t e  w i t h i n  a r e a s o n a b l e  

r ange  of p r e s s u r e s  w i t h  a d e s i r e d  r ange  of  l e v e l  c o n t r o l .  

Fol lowing  a re  t e s t  d e t a i l s  and t e s t  r e s u l t s .  

a. T e s t  Cel ls .  - Three 6 AH s i n t e r e d  p l a t e  ce l l s  

were equipped w i t h  two r e c t a n g u l a r ,  4 m i l  po ly-  

propylene  p i l l o w s ,  each 2 x 1-7/8 and each 

c o n t a i n i n g  1.5 cc o f  t r apped  a i r .  The t h r e e  

s e p a r a t o r  m a t e r i a l s  used were: 

(1) S e p a r a t o r  A - S i n g l e  l a y e r ,  Tef lon  monofilament 

s c r e e n ,  AGB9-60-250, 1 0  m i l s  t h i c k .  
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(2) S e p a r a t o r  B - Double l a y e r ,  nylon monofilament c l o t h ,  

AGB8-M, 4 m i l s  t h i c k .  

(3) S e p a r a t o r  C - Three 11 m i l  polypropylene monofilament 

s t r a n d s  wrapped v e r t i c a l l y  around each 

p o s i t i v e  p l a t e  and covered by S e p a r a t o r  B. 

The e l e c t r o l y t e  w a s  20% KOH i n  a l l  c e l l s ,  

b.  T e s t  Procedure.  - 

(1) Adjus t  e l e c t r o l y t e  c o n t e n t  of t h e  vented  c e l l  t o  t h e  d e s i r e d  

s t a r t i n g  l e v e l  a t  atmospheric  p r e s s u r e .  

Gradual ly  evacuate  t h e  c e l l  and n o t e  p r e s s u r e  a t  which t h e  

l i q u i d  l e v e l  reaches  t h e  p l a t e  t o p s  (100% immersion). 

(2) 

(3) Vent t h e  c e l l  t o  a tmospheric  p r e s s u r e  and t h e n  admit  com- 

p r e s s e d  a i r .  Raise  c e l l  p r e s s u r e  g r a d u a l l y  and n o t e  t h e  

e l e c t r o l y t e  l e v e l  a t  d e f i n i t e  s t e p s .  Continue u n t i l  t h e  

l i q u i d  l e v e l  h a s  dropped t o  bottom o f  t h e  p l a t e s  or u n t i l  

a p r e s s u r e  o f  6 0  PSIG h a s  Seen reached.  

(4) Vent t h e  c e l l  t o  a tmospheric  p r e s s u r e ,  a d j u s t  l i q u i d  l e v e l  

t o  t h e  n e x t  s e l e c t e d  h e i g h t  and r e p e a t  2 and 3. 

(5) Repeat 2 ,  3 and 4 u n t i l  t h e  d e s i r e d  range  o f  l e v e l s  and 

p r e s s u r e s  h a s  been covered. 

c. T e s t  R e s u l t s .  - F i g u r e  4 shows t h r e e  s e t s  of c e l l  p r e s s u r e  v s  

l i q u i d  l e v e l  c u r v e s ,  one s e t  f o r  each s e p a r a t o r .  S t a r t i n g  

e l e c t r o l y t e  l e v e l s  cover t h e  range  40% t o  100% p l a t e  immersion. 

Imposed p r e s s u r e s  range from 7 PSIA t o  75 PSIA. 

- 1 0  - 
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Severa l .  p o i n t s  are s i g n i f i c a n t :  

The be l lows  system c o n s i s t i n g  of  two polypropylene  

p i l l o w s  i s  more s e n s i t i v e  t o  expansion by p r e s s u r e  

d e c l i n e  from a tmospher ic  p r e s s u r e  than  t o  compression 

by p r e s s u r e s  i n  excess  o f  a tmospheric .  

With S e p a r a t o r  A (Teflon sc reen )  t h e  p l a t e  pack has  

a v o i d  volume f o r  e l e c t r o l y t e  t h a t  canno t  b e  d r a i n e d  

comple te ly  by t h i s  p a r t i c u l a r  be l lows  from a s t a r t i n g  

l e v e l  o f  100% immersion. 

S e p a r a t o r  B (double l a y e r  nylon c l o t h )  r e q u i r e s  by 

f a r  t h e  l e a s t  volume change and t h e  l o w e s t  p r e s s u r e  

range  f o r  complete f l o o d i n g  and d r a i n i n g  o f  t h e  c e l l  

pack-  

The a d d i t i o n  o f  f i l a m e n t s  t o  S e p a r a t o r  B reduces  i t s  

p r e s s u r e  l e v e l  c h a r a c t e r i s t i c s  t o  a c o n d i t i o n  even 

less  f a v o r a b l e  than tha t  of  S e p a r a t o r  A. 

S e p a r a t o r  B a l lows  an i n i t i a l l y  f looded  c e l l  t o  b e  

d r a i n e d  by bel lows a c t i o n  a t  a n  imposed p r e s s u r e  o f  

o n l y  2-1/2 a b s o l u t e  atmospheres.  A t  40% p l a t e  immersion, 

t h e  lowes t  s t a r t i n g  l e v e l  used i n  t h i s  t e s t  s e r i e s ,  

S e p a r a t o r  A r e q u i r e s  a p r e s s u r e  g r e a t e r  t han  2 

a b s o l u t e  atmospheres t o  d r a i n  and S e p a r a t o r  C needs 

more than  3 a b s o l u t e  a tmospheres  t o  d r a i n .  

- 11 '- 
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(6) The curves  f o r  S e p a r a t o r  B i n d i c a t e  a r e a s o n a b l y  

p r a c t i c a l  match between t h e  d r a i n  r equ i r emen t s  o f  

t h e  element  and t h e  volume change c a p a b i l i t i e s  

of  t h e  bel lows even where t h e  c e l l  i s  s e a l e d  i n  

t h e  f looded  c o n d i t i o n  a t  a tmospher ic  p r e s s u r e .  The 

curves  f o r  S e p a r a t o r  A and C i n d i c a t e  a mismatch 

f o r  s t a r t i n g  l e v e l s  above 40"h p l a t e  immersion. 

d.  D i scuss ion .  - It is  clear  t h a t  i n i t i a l  e l e c t r o l y t e  q u a n t i t y  

i s  an i m p o r t a n t  c e l l  parameter  t o  be  e v a l u a t e d  f o r  each 

p a r t i c u l a r  combination o f  s e p a r a t o r  and be l lows .  

I n  t h i s  development, where a s t u d y  o f  pa rame te r s  such  a s  

t h e  s e p a r a t o r  system can i n v o l v e  wide ly  d i f f e r e n t  deg rees  

o f  be l lows  a c t i o n ,  i t  becomes i m p r a c t i c a l  from t h e  s t a n d -  

p o i n t  of  t ime and expense t o  pu rchase  an e q u a l l y  wide 

supp ly  of  metal be l lows  t o  match each system. F o r t u n a t e l y ,  

t h e  c a p a b i l i t y  has been developed f o r  d e s i g n i n g  and f a b r i -  

c a t i n g  p l a s t i c  p i l l o w  t y p e  bel lows t o  any d e g r e e  of  a c t i o n  

r e q u i r  ed 

2 . 1 . 2  Bellows Eva lua t ion  and C a l i b r a t i o n .  - 

2 . 1 - 2 . 1  Development of Mult i -Unit  P l a s t i c  Bellows, - O f  a l l  t h e  p l a s t i c  

materials t e s t e d  i n  t h e  Second Quar t e r ,  t h e  4 m i l  po lypropylene  f i l m ,  Olefane  

A-25, from Avisun Corpora t ion ,  P h i l a d e l p h i a ,  Pennsylvania  seemed t h e  most 

p romis ing  a s  s u b s t i t u t e  f o r  meta l  be l lows ,  I t  proved r e s i s t a n t  t o  KOH 

a t t a c k  and e a s i l y  h e a t  s e a l a b l e  i n t o  "p i l lows"  which d i s p l a y e d  good volume 

- 1 2  - 
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change p r o p e r t i e s .  L t  also gave e x c e l l e n t  f l e x  l i f e  p o t e n t i a l  (6000 

f l e x i n g  c y c l e s  i n  25% MQH a t  room t empera ture  w i t h o u t  f a i l u r e ) .  Accordingly,  

t h i s  f i l m  w a s  adopted as t h e  m a t e r i a l  of c h c i c e  f o r  p l a s t i c  be l lows  

development a 

The p l a s t i c  p i l l o w s  used i n  t h e  c e l l  parameter  s t u d y  have been i n  t h e  

form of  one o r  two l a r g e  r e c t a n g u l a r  u n i t s  o p e r a t i n g  i n  a chamber o f  

ample volume and n o t  always conforming p r e c i s e l y  t o  t h e  chamber shape,  

F o r  example, i n  t h e  t e s t s  descr ibed  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  two 

r e c t a n g u l a r  p i l l o w s  were f o l d e d  t o  f i t  i n t c  t h e  c y l i n d r i c a l  bel lows 

chamber o f  t h e  6 AH t e s t  c e l l .  

It should  b e  r e c a l l e d  t h a t  a c y l i n d r i c a l  chamber w a s  s e l e c t e d  t o  

conform t o  c y l i n d r i c a l  metal bel lows and t o  p r o v i d e  access t o  t h e  

chamber b y  a t h r e a d e d  end cap. 

a. Development of t h e  I n d i v i d u a l  Polypropylene P i l low.  - 

S i n c e  e f f o r t s  t o  l o c a t e  a s m a l l  ready-made s e a l e d  

p l a s t i c  bel lows were u n s u c c e s s f u l ,  it w a s  dec ided  

t o  make a bel lows e q u i v a l e n t  by grouping t o g e t h e r  

i n d i v i d u a l ,  h e a t - s e a l e d ,  round polypropylene f i l m  

p i l l o w s ,  Such grouping ,  w h i l e  f u n c t i o n i n g  as a con- 

v e n t i o n a l  s i n g l e  c a v i t y  convoluted b e l l o w s ,  o f f e r s  

t h e  v e r s a t i l i t y  of d i s c r e e t  u n i t s  which may b e  

a l t e r e d  i n  number t o  change t h e  bel lows c a p a b i l i t y .  

Also,  a l e a k  i n  one u n i t  w i l l  n o t  cause complete 

be l lows  f a i l u r e  as could happen in  convent iona l  

be l lows  
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A p i l l o w  O.D. o f  1-1/8" was chosen t o  u t i l i z e  most 

completely t h e  chamber d iameter  o f  1-1/4" w i t h o u t  

b inding .  

l a t e r  reduced t o  1/16" t o  p r o v i d e  more volume f o r  t r a p p e d  

A 1/8" wide h e a t  s ea l  w a s  used a t  f i r s t  and 

a i r  as t h e  r e l i a b i l i t y  of t h e  sea.1 w a s  demonstrated.  

Due t o  t h e  r e l a t i v e l y  small  s i z e  of  t h e  round p i l l o w ,  

a c c u r a t e  a d d i t i o n  o f  a i r  by hypodermic n e e d l e  as done 

w i t h  t h e  l a r g e  r e c t a n g u l a r  p i l l o w  proved d i f f i c u l t  and 

slow. T h i s  problem w a s  s o l v e d  by merely e n c a p s u l a t i n g  

i n  each p i l l o w  a small c r u s h a b l e  p i l l  o f  expanded 

p o l y s t y r e n e  c u t  t o  exact  dimensions.  The p i l l  a s s u r e s  

a r e p r o d u c i b l e  volume of  t r a p p e d  a i r  from p i l l o w  t o  

p i l l o w  and, a f t e r  b e i n g  crushed ,  l e a v e s  room f o r  f l e x i n g .  

S i n c e  p i l l  t h i c k n e s s  governs t h e  i n i t i a l  s p a c i n g  o f  t h e  

p i l l o w  w a l l  and t h u s  de te rmines  t h e  volume o f  t rapped  

a i r ,  a c a l i b r a t i o n  t e s t  w a s  r u n  u s i n g  p i l l o w s  w i t h  i n i t i a l  

w a l l  s p a c i n g s  of  0.050", 0.060" and 0.070". 

Each c a l i b r a t i o n  was made by i n s e r t i n g  22  p i l l o w s ,  a l l  

of  t h e  same w a l l  spac ing ,  i n t o  t h e  c y l i n d r i c a l  be l lows  

chamber and, a f t e r  f i l l i n g  t h e  chamber and an a t t a c h e d  

c a l i b r a t e d  t u b e  wi th  water ,  measuring t h e  volume 

changes o v e r  a range of  imposed p r e s s u r e  above and 

below atmospheric .  F i g u r e  5 c l e a r l y  i n d i c a t e s  t h a t  

t h e  t o t a l  volume change, t h e  sum o f  t h e  compression 
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and expansion volume changes,  i n c r e a s e s  w i t h  p i l l o w  

i n s i d e  w a l l  spac ing  i n  t h e  range  0,050" t o  0.070". 

b ,  F l e x  L i f e  T e s t i n g  of Polypropylene P i l lows .  - A number 

of  f l e x  l i f e  tes t s  i n  2876 KOH were run f o r  c i r c u l a r  

p i l l o w s  w i t h  both  a 1/8" and 1/16" s e a l  wid ths ,  T h i s  

t e s t  has  become both an e v a l u a t i o n  t e s t  f o r  new materials 

and a q u a l i t y  c o n t r o l  t e s t .  

A t  room tempera ture ,  one b a t c h  of e l e v e n  1/8" s e a l  

p i l l o w s  r a n  10 ,600  c y c l e s  w i t h o u t  f a i l u r e .  I n  a b a t c h  

of t h i r t y - o n e  1/16" s ea l  p i l l o w s ,  one l e a k e d  a t  7700 

c y c l e s  and t h e  remainder r a n  14,800 c y c l e s  w i t h o u t  

f a i l u r e .  The one f a i l u r e  w a s  due t o  poor s e a l i n g  

techniques  which were subsequent ly  improved w i t h  b e t t e r  

s e a l i n g  t o o l s  and c l o s e r  h e a t  c o n t r o l .  

A b a t c h  o f  e leven 1/8" sea l  p i l l o w s  w a s  g iven  a sequence 

of  f l e x  tes ts :  f i rs t  a t  room tempera ture ,  then  a t  0 ° C  

and f i n a l l y  a t  4O"C, 

c y c l e s  w i t h o u t  f a i l u r e .  The d e t a i l s  are t a b u l a t e d  below: 

Room Temperature (15 sec. c y c l e ) ;  11 sec. e v a c u a t i o n  

The t e s t  r a n  a t o t a l  o f  26,500 

t o  28" Hg and 4 sec. exhaus t ,  No. of  c y c l e s  = 7 ,700  

0°C and(30"F) (35 sec. c y c l e ) :  30 sec. evacuat ion  t o  28" 

Hg and 5 sec .  exhaus t ,  No, o f  c y c l e s  = 7,800 

40°C (104°F) [ l o  s e c .  cyc le) :  7 s e c .  evacuat ion  t o  28" 

Hg and 3 s e c .  exhaus t ,  No. o f  c y c l e s  = 11,000 
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A b a t c h  of e leven  1/8" s e a l  p i l l o w s  made o f  t h e  DuPont 

polyionorner, Sur lyn  A, was r u n  through t h e  t empera tu re  

sequence f l e x  t e s t .  No mechanical  f a i l u r e  occur red  bu t  

KOH was found i n s i d e  a l l  o f  t h e  p i l l o w s .  

A b a t c h  of  twenty-two 1/16" s e a l  r e c t a n g u l a r  po lypropylene  

p i l l o w s  r a n  2 8 , 2 0 0  c y c l e s  a t  room t empera tu re  wi thou t  

f a i l u r e .  Th i s  p i l l ow d e s i g n  was developed f o r  t h e  Task 2 

Ag-Cd t e s t  c e l l s .  

2. .1 .2,2 C a l i b r a t i o n  of  Nickel  and Polypropylene  Bellows. - U t i l i z i n g  

t h e  same t e s t  chamber and technique  a s  used i n  t h e  i n d i v i d u a l  p i l l o w  

development,  c a l i b r a t i o n  tests were r u n  a t  room t empera tu re  on a l l  t e n  

n i c k e l  be l lows  and on polypropylene be l lows  made up o f  s i x  d i f f e r e n t  nunibe13 

o f  p i l l o w  u n i t s  - 2 5 ,  30,  35, 40, 45 and 5 0  u n i t s .  The 35 u n i t  po lypropylene  

be l lows  w a s  a l s o  c a l i b r a t e d  a t  0°C and 40°C. The r e s u l t s  are shown i n  

F i g u r e s  6 and 7 .  

S e v e r a l  p o i n t s  a r e  worthy of d i s c u s s i o n :  

a .  Each c a l i b r a t i o n  curve has  two arms r e p r e s e n t i n g  volume 

change. 

to be l lows  compression. 

One i s  due t o  be l lows  expans ion  and t h e  o t h e r  

b .  Both s i z e s  of  meta l  be l lows  d i v i d e  t h e i r  r a t e d  c a p a c i t y  

e q u a l l y  between expansion and c o n t r a c t i o n .  

meet r a t e d  c a p a c i t y  b u t  a r e  l i m i t e d  by t h e  manufac turer  

to a maximum p r e s s u r e  beyond which t h e  c y c l e  l i f e  i s  

They b o t h  

reduced - 
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c. The make-up o r  number of  p i l l o w  u n i t s  i n  t h e  polypropy-  

l e n e  f i l m  bellows d i r e c t l y  a f fec ts  t h e  d i v i s i o n  o f  i t s  

a c t i o n  between expansion and c o n t r a c t i o n .  This  can b e  

s e e n  from t h e  shape of  t h e  c a l i b r a t i o n  curves  i n  F i g u r e  

7. C a l i b r a t i o n  f i g u r e s  are t a b u l a t e d  below over  t h e  

range 1 0  t o  60 PSIA. They show t h e  t r a n s i t i o n  from 

46% compressive a c t i o n  f o r  a 25 u n i t  be l lows  t o  71% 

compressive a c t i o n  f o r  a 50 u n i t  be l lows .  

Number Volume Change Between 1 0  and 60 PSIA 
o f  Amount Due t o  Amount Due t o  

P i l l o w  T o t a l  Compression Expansion 
Uni t s  cc cc % cc % 

25 13  6 46 7 54 

30 14.5 6,s 4.5 8 55 

35 1 7  8 47 9 53 

40 1 9 . 5  1 0  5 I 9 .5  49 

45 1 9  1 2  63 7 37  

50 1 9  13 .5  7 1  5 .5  2 9  

d. 

Note t h a t  while  a 40 u n i t  be l lows  ac t s  a lmost  e q u a l l y  

between compression and expansion,  t h e  a d d i t i o n  of more u n i t s  

i n c r e a s e s  Compressive a c t i o n  b u t  d e c r e a s e s  expansive a c t i o n  

by a corresponding amount, T h i s  c h a r a c t e r i s t i c  of m u l t i -  

u n i t  p l a s t i c  bel lows t h u s  o f f e r s  t h e  p o s s i b i l i t y  o f  

assesnbling a bel lows " t a i l o r e d "  to t h e  j o b ,  

F i g u r e  6 shows a lmost  i d e n t i c a l  shape and range  f o r  t h e  

c a l i b r a t i o n  curves of t h e  35 u n i t  p l a s t i c  bel lows a t  0°C 
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and 40°C. 

between t h e  l o w  and h i g h  p r e s s u r e  extremes i s  i n f e r i o r  

t o  t h a t  found a t  25°C. 

A t  both tempera tures  t o t a l  volume change 

e ,  I n  summary, a c a p a b i l i t y  f o r  producing  " t a i l o r e d "  

bel lows a c t i o n  h a s  been developed u s i n g  inexpens ive  

and e a s i l y  obta ined  m a t e r i a l s .  Good performance and 

l i f e  e q u i v a l e n t  t o  one y e a r  of  90 minute c y c l i n g  

o r b i t s  a t  t h e  tempera ture  extremes of t h i s  s t u d y  

may b e  reasonably  expected.  It  now remains t o  

i n c o r p o r a t e  t h i s  know-how i n t o  t h e  e v a l u a t i o n  program 

and i n t o  t h e  f i n a l  c e l l s  f o r  d e l i v e r y .  

2 . 1 . 3  E v a l u a t i o n  T e s t  Program. - 

2 . 1 . 3 . 1  M o d i f i c a t i o n  of t h e  Plan.  - A s  o r i g i n a l l y  o u t l i n e d  i n  Tables  

V I 1  and V I 1 1  o f  t h e  Second Q u a r t e r l y  Repor t ,  t h e  e v a l u a t i o n  t e s t  s c h e d u l e  

w a s  b u i l t  around f i f t e e n  6 AH c e l l s  d i v i d e d  i n t o  t h r e e  groups: one group 

(3) 

o f  6 c e l l s  t o  r e c e i v e  b a s e l i n e  and proof c y c l e  t e s t s ,  a group of  t h r e e  

t o  f u n c t i o n  as c o n t r o l  c e l l s  and a n o t h e r  group of s i x  t o  s t a n d  i n  " reserve"  

f o r  f i n a l  assembly and f i n a l  cycle t e s t i n g  under optimum c o n d i t i o n s .  

The i n i t i a l  group of s i x  was des igned  t o  e v a l u a t e  double l a y e r ,  

c o a r s e  weave nylon c l o t h  and s i n g l e  l a y e r  t e f l o n  s c r e e n  which had been 

s e l e c t e d  i n  t h e  second q u a r t e r  a s  t h e  most promis ing  s e p a r a t o r  mater ia l s .  

The t h r e e  c o n t r o l  c e l l s  were t o  f u n c t i o n  as  c o n v e n t i o n a l ,  l i m i t e d  

e l e c t r o l y t e ,  s e a l e d  c e l l s  wi th  one c o n t a i n i n g  Pormax separa-b rs and 

t h e  o t h e r  two t h e  c l o t h  and s c r e e n  materials. 
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F i n a l  assembly of t h e  " reserve"  o r  "optimized" group was dependent 

on performance of t h e  i n i t i a l  group. 

A s  mentioned e a r l i e r ,  t h e  b a s i c  e v a l u a t i o n  schedu le  i s  b e i n g  fo l lowed 

b u t  t h e  spectrum of  parameters  t o  be  a d j u s t e d  f o r  o p t i m i z i n g  performance 

has  been extended.  Table  I p r e s e n t s  an o u t l i n e  of  & e  p l a n  f o r  c o n t i n u i n g  

t h e  parameter  s tudy .  

This  change i n  t h e  program p l a n  has  been made i n  t h e  l i g h t  of  

c i r cums tances  l i s t e d  below and i s  expec ted  t o  broaden t h e  scope of  s t u d y  

w i t h o u t  undue e x p e n d i t u r e  o f  t i m e ,  e f f o r t  o r  materials. 

a .  Ce l l s  N o .  1 through 4 were assembled w i t h  an 

acco rd ian  wrap s e p a r a t o r  system of  one l a y e r  of  

4 m i l  ny lon  c l o t h  a d j a c e n t  t h e  p o s i t i v e  p l a t e s  p l u s  

one l a y e r  of t e f l o n  s c r e e n  a g a i n s t  t h e  n e g a t i v e  

p l a t e s  t o  e v a l u a t e  t h e  combinat ion o f  m a t e r i a l s .  

b.  Ce l l s  No. 1 0  through 15 were assembled w i t h  an 

acco rd ian  wrap of two l a y e r s  of  nylon c l o t h  which 

appeared t o  be an  optimum system from p r e v i o u s  work 

i n  t h e  Second Quar t e r .  Cel ls  No. 1 4  and 15 were a l s o  

assembled us ing  smooth monofilament,  11 m i l  d i ame te r  

po lypropylene  s t r a n d s  t i e d  v e r t i c a l l y  around each 

n e g a t i v e  p l a t e  as a c o n t r a s t  t o  t h e  c e l l s  a l r e a d y  

t e s t e d  w i t h  the s t r a n d s  wrapped around t h e  p o s i t i v e  

p l a t e s .  The s t r a n d s  should  a i d  i n  t h e  removal of 

gases  t rapped  i n  t h e  c l o t h  meshes and f a c i l i t a t e  r a p i d  

and e f f i c i e n t  d r a i n a g e  o f  e l e c t r o l y t e .  
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e. During t h e  s e a l e d  overcharge c a p a b i l i t y  t e s t s ,  

d e s c r i b e d  l a t e r  i n  t h i s  r e p o r t ?  t h e  two l i m i t e d  

e l e c t r o l y t e  "cont ro l"  c e l l s  w i t h  open weave 

s e p a r a t o r  ( c e l l s  No. 4 and No. 8) were found 

i n c a p a b l e  of cont inued s e a l e d  o p e r a t i o n .  It  was 

dec ided  t o  convert  t h i s  p a i r  i n t o  e v a l u a t i o n  c e l l s  

f o r  p l a s t i c  p i l l o w s .  C e l l  No. 9 w i t h  t h e  h i g h l y  

a b s o r b e n t  Porrnax s e p a r a t o r  remains as a " c o n t r o l "  

c e l l  w i t h  a non-changing e l e c t r o l y t e  l e v e l .  

d.  To check oxygen e l e c t r o d e  e f f e c t i v e n e s s  by d i r e c t  

comparison i n  4 b a s i c a l l y  e q u i v a l e n t  c e l l s ,  two 

c e l l s  w e r e  ass igned  f o r  t e s t s  w i t h  t h e  oxygen 

e l e c t r o d e s  and two w i t h o u t  

e.  Three d e p a r t u r e s  from t h e  o r i g i n a l  t e s t  p l a n  a re  

t o  b e  followed: 

(1) The o r b i t  c y c l e  range w i l l  b e  2 4  hours  t o  8 

h o u r s  i n s t e a d  of  211 hours  t o  2 hours .  This  

is i n  accord w i t h  v e r b a l  agreement d u r i n g  t h e  

NASA-ESB conference of  February  1 5 ,  1965 a t  

R a l e i g h ,  N. C. 

(2) The h igh  temperature  l i m i t  i s  lowered from 

50°C t o  40°C p e r  v e r b a l  agreement d u r i n g  t h e  

same conference,  

Tests  a t  0 ° C  and 40°C w i l l  b e  d e f e r r e d  u n t i l  ( 3 )  

s a t i s f a c t o r y  performance a t  2 5 ° C  h a s  been a t t a i n e d ,  
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2 . 1 . 3 . 2  P rogres s  i n  t h e  Eva lua t ion  T e s t  Schedule ,  - Tes t s ,  i n v o l v i n g  

c e l l s  1 through 9 ,  have progressed  through t h e  f o l l o w i n g  s t a g e s :  

a. Measurement of  be l lows  a c t i o n  w i t h  4 d i f f e r e n t  

s e p a r a t o r  systems.  

b .  Manual b a s e l i n e  t e s t s  

(I) Open c e l l  d i s c h a r g e  c a p a c i t y  a t  v a r i o u s  

r a g e s  and e l e c t r o l y t e  l e v e l s .  

(2) Sea led  c e l l  overcharge  c a p a b i l i t y .  

c ,  Proof c y c l e  t e s t s  

(1) I n i t i a l  performance i n  2 4  hour o r b i t  cyc le .  

Detai ls  of  t h e s e  t e s t s  a r e  o u t l i n e d  below: 

a. Measurement of Bellows Act ion.  - This  was a 

c a l i b r a t i o n  t e s t  w i t h  be l lows  f u n c t i o n i n g  by 

p r e s s u r e s  imposed on t h e  a c t u a l  t e s t  ce l l s .  

Parameters  covered were: 

(1) Bellows Type - 20 cc n i c k e l ,  1 0  cc n i c k e l  

and 3 1  u n i t  polypropylene.  

(2) Sepa ra to r  - 1 l a y e r  t e f l o n  s c r e e n  a lone  

(Separa tor  Type "A") 

2 l a y e r s  nylon c l o t h  (Separa tor  

Type "B") 

2 l a y e r s  nylon c l o t h  wi th  f i l a m e n t  

on p o s i t i v e  p l a t e  (Separa tor  Type 

l'c'') " 
1 l a y e r  nylon  c l o t h  p l u s  1 l a y e r  

t e f l o n  s c r e e n  (Separa tor  Type "D") 
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(3) Mode o f  be l lows  a c t i o n  - Manually i n c r e a s i n g  

and d e c r e a s i n g  p r e s s u r e  i n  t h e  c e l l .  

(4) E l e c - t r o l y t e  Content - 500A l e v e l  a t  a tmospheric  

p r e s s u r e  

T e s t  R e s u l t s .  - F i g u r e s  8 ,  9 ,  1 0  and 11 show t h e  f o l l o w i n g  p o i n t s  of 

i n t e r e s t :  

The 1 0  c c  bel lows can d r a i n  o n l y  one c e l l  (Separa tor  Type "B") 

wi-thout b e i n g  compressed beyond t h e  manufac turers  recommended 

l i m i t ,  

The 3 1  u n i t  polypropylene bel lows cannot  d r a i n  S e p a r a t o r  Types 

"A" and 'ID" a t  p r a c t i c a l  c e l l  p r e s s u r e s .  

Bellows a c t i o n  shows a h y s t e r e s i s  e f f e c t  f o r  a l l  s e p a r a t o r s ,  

T h i s  e f f ec t  may b e  due to t h e  t i m e  f a c t o r  o f  approximately 

1 minute between p r e s s u r e  increments .  

Discuss ion:  This  t e s t  i l l u s t r a t e s  bo th  adequate  and inadequate  

bel lows a c t i o n .  The 20 cc bel lows p r o v i d e s  complete f l o o d i n g  and 

d r a i n  a t  r e a s o n a b l e  p r e s s u r e  l i m i t s  f o r  a l l  s e p a r a t o r  t y p e s ,  

The 1 0  cc bel lows is  s u i t e d  f o r  o p e r a t i o n  w i t h  S e p a r a t o r  "B" 

on ly .  The po1,ypropylene be l lows  can be made t o  p r o v i d e  

adequate  d r a i n a g e  by i n c r e a s i n g  t h e  number of i t s  u n i t s .  

The c a l i b r a t i o n  curves  of F i g u r e  7 i n d i c a t e  t h e  use of 40 

u n i t s  

b.  Manual B a s e l i n e  Tests. -I 

(1) Open C e l l  Discharge Capacity!. - T e s t s  were r u n  on a l l  c e l l s  

a t  d i s c h a r g e  r a t e s  o f  C / 5 ,  C/2 and C / 1  and a t  e l e c t r o l y t e  
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l e v e l s  o f  loo%, 50% and 1OOA immersion, Typica l  performance 

f o r  each of t h e  t h r e e  s e p a r a t o r s  i s  p l o t t e d  i n  F i g u r e s  1 2 ,  

1 3  and 14. 

A c a p a c i t y  drop  with reduced e l e c t r o l y t e  l e v e l  w a s  

observed a t  a l l  t h r e e  d i s c h a r g e  ra tes .  C e l l  c o n t r o l  No, 9 

w i t h  Pormax s e p a r a t o r s  a l s o  showed a s e n s i t i v i t y  t o  l e v e l ,  

e s p e c i a l l y  between 100% and 50% p l a t e  immersion. 

(2) S e a l e d  Ce l l  Overcharge C a p a b i l i t y .  - 

P r e p a r a t i o n  of  C e l l s  f o r  Sea led  Operat ion.  - A t  t h e  end 

of t h e  p r e c e d i n g  t e s t  a l l  n i n e  c e l l s  were f looded  and 

d i s c h a r g e d  t o  zero v o l t s  a t  t h e  C/5 r a t e  and cont inued  

i n t o  r e v e r s e  charge t o  p r e p a r e  t h e  n e g a t i v e  groups for 

s e a l e d  o p e r a t i o n .  The r e v e r s e  charge f o r  t h e  t h r e e  

"cont ro l"  c e l l s  was done w i t h  t h e  ce l l s  d r a i n e d  and 

i n v e r t e d  t o  p u t  them i n  t h e  c o n v e n t i o n a l  " forced  d r a i n "  

c o n d i t i o n .  The e x t e n t  of r e v e r s e  charge a s s u r e d  a minimum 

v a l u e  of  1 . 3 5  f o r  t h e  r a t i o  of charged n e g a t i v e  a c t i v e  

mater ia l  t o  charged p o s i t i v e  a c t i v e  mater ia l  f o r  a l l  n i n e  

ce l l s .  The c o n t r o l  c e l l s  were s e a l e d  a t  a tmospheric  

p r e s s u r e  w i t h o u t  evacuat ion .  T h e i r  s e p a r a t o r  systems 

a re  as fo l lows:  

C e l l  No. S e p a r a t o r  

6-4 - 1L nylon c l o t h  + 1 L  t e f l o n  s c r e e n  

- 6-8 1 L  t e f l o n  s c r e e n  

6-9 - Pormax 
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The s i x  b a s e l i n e  t e s t  c e l l s  were s e a l e d  a f t e r  i n i t i a l  e l e c t r o l y t e  

l e v e l  ad jus tmen t  t o  50076 immersion fo l lowed by evacuat ion .  

c e l l  c o n d i t i o n s  a t  s e a l i n g  are l i s t e d  below. 

C e l l  make-up and 

Adjus ted  C e l l  
C e l l  No.* S e p a r a t o r  Bellows Condi t ion  a t  S e a l  

6 - 1. 

6-2 

6-3 

6-5 

6- 6 

6- 7 

NOTE : 

1 L  Nylon Clo th  + 20 cc n i c k e l  100% l e v e l  a t  3.9 PSIA 
1 L  Tef lon  Screen  

1 L  Nylon C lo th  + 1 0  cc n i c k e l  87% l e v e l  a t  1 - 5  PSIA** 
1 L  Tef lon  Screen  

1 L  Nylon Clo th  + 3 1  - p i l l o w  100076 l e v e l  a t  8 - 3  PSIA 
1 L  Te f lon  Screen 

1 L  Teflon Screen  20  cc n i c k e l  100% l e v e l  a t  4.9 PSIA 

1 L  Te f lon  Screen  10  cc n i c k e l  90"A l e v e l  a t  2 . 9  PSIA** 

1 L  Te f lon  Screen  3 1  - p i l l o w  100% l e v e l  a t  8 , 3  PSIA 

* All c e l l s ,  i n c l u d i n g  t h e  c o n t r o l  group, have a u x i l i a r y  

oxygen recombinacion e l e c t r o d e s .  The r a t i o  of a c t i v e  

a u x i l i a r y  e l e c t r o d e  f a c e  a r e a  t o  a c t i v e  p o s i t i v e  p l a t e  

face area is 1/6.  

** The 1 0  cc be l lows  w a s  unable  t o  comple te ly  f l o o d  t h e  element ,  
, 

even a t  low p r e s s u r e s .  

OvercharFe T e s t .  - Cel l  v o l t a g e ,  p r e s s u r e  and e l e c t r o l y t e  l e v e l  were 

monitored f o r  a l l  n i n e  c e l l s  over t h e  t e s t  sequence: charge  a t  C/20, 

overcharge  a t  C/20, C/10 and C/5; o p e n - c i r c u i t  s t a n d  and d i s c h a r g e  a t  

2 0 amperes. C e l l  c o n d i t i o n s  a t  t h e  end of  each s t e p  a r e  l i s t e d  i n  Table  

2 .  P a t t e r n s  of r e sponse  f o r  a l l  c e l l s  over  t h e  e n t i r e  sequence a r e  p l o t t e d  

i n  F i g u r e s  15 ,  1 6 ,  1 7  and 18. 
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TABLE I1 

FINAL DATA AT EACH STAGE DURING OVERCHARGE CAPABILITY 
TEST OF N I N E  6 AH SEALED Ni-Cd CELLS - SIX CELLS WITH BELLOWS 
AND THREE WITH LIMITED ELECTROLYTE TO ACT AS "CONTROL" CELLS 

T e s t  S t e p  

C e l l  Number aff 

Charge a t  C20 H r  s 
V 

PSIA 
Leve l  % 

Overchg, @ 6/10 H r s  

P r e s s  
Leve l  

V 

Overcharge @ G / 5  H r s  

P r e s s  
Level  

V 

Open C i r c u i t  S tand  H r s  

P r e s s  
Level  

V 

Dischg.  @I 2,O Amps 
H r  s 
v 

P r e s s  
Leve l  

NY-Tef = Sep. o f  
T e f  = Sec.  o f  
Pormax = Sep, of 

T e s t  C e l l  Groups . - 
Nylon-Teflon 1 Tef lon  Sep. Cont ro l  Group 

1 /2 2 4  
1 . 7 2  1 . 4 0  

25 5 4  

I 
2,28 2 - 6 2  

1 - 0 0  1 - 0 0  
2 1  2 5  

S 
1 

zocc €3 

41 
1.40 
18-1/2 

62 

2 4  
1,40 

2 3  
42 

4 
1 - 4 4  

3 0  
2 3  

2 
1 , 3 4  
1 2 - 7  

8 7  

-- 

2 , 6 7  
1" 00 
7 . 3  

95 

p .  Group I 
2 1 3 1  5 

1 l a y e r  nylon c l o t h  p l u s  1 l a y e r  t e f l o n  s c r e e n .  
1 l a y e r  t e f l o n  s c r e e n  on ly .  
microporous PVC s h e e t ,  

2 0  c c  B = Metal be l lows  o f  20 cc c a p a c i t y -  
10  cc B = Metal be l lows  o f  1 0  cc c a p a c i t y .  
31-P = Polypropylene  bel lows of  31  p i l l o w  u n i t s ,  
Note on c e l l  numbers: To d i s t i n g u i s h  between t h e  4 AH and 6 AH c e l l s ,  
t h e  l a t t e r  a r e  i d e n t i f i e d  on g raphs  by t h e  p r e - f i x  numeral "6". For 
example, c e l l  No. 4 i n  t h i s  t ab le  appea r s  as c e l l  No, 6-4  i n  F i g u r e  15, 
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Discuss ion  o f  T e s t  R e s u l t s .  - 

(a) F i g u r e  15 and Table  2 show t h e  i n a b i l i t y  of  " c o n t r o l "  c e l l s  

No. 4 and 8 t o  t o l e r a t e  overcharge a t  t h e  6/10 r a t e .  The 

open s t r u c t u r e  and t h e  hydrophobic n a t u r e  of  t h e  c o a r s e  

weave s e p a r a t o r  m a t e r i a l  may p r e v e n t  t h e  r e t e n t i o n  of an  

adequate  supply  of e l e c t r o l y t e ,  These two c e l l s ,  as mentioned 

e a r l i e r ,  have been converted i n t o  p i l l o w  e v a l u a t i o n  ce l l s .  

The remaining c o n t r o l  c e l l ,  c o n t a i n i n g  Pormax, showed 

e x c e l l e n t  overcharge  c a p a b i l i t y ,  even a t  t h e  C / 5  ra te .  

(b) Bellows a c t i o n  for both s i zes  of metal  bel lows and f o r  t h e  

p l a s t i c  bel lows w a s  synchronous w i t h  p r e s s u r e  v a r i a t i o n  

throughout  t h e  e n t i r e  74 hour sequence of  e v e n t s ,  

(c) The c e l l s  w i t h  c l o t h - s c r e e n  combination s e p a r a t o r  (abbrevia ted  

NY-TEF) seem a b l e  t o  w i t h s t a n d  h i g h e r  overcharge  ra tes  than  

t h o s e  w i t h  s c r e e n  alone (abbrevia ted  TEF) a t  comparable 

l e v e l s  of  e l e c t r o l y t e ,  For  example, a l l  t h r e e  NY-TEF c e l l s  

wi ths tood  24 hours  a t  C/10 r a t e  and two r a n  t h e  4 hours  

a t  C/5. Only two of  t h e  TEF c e l l s  r a n  f u l l  t i m e  a t  C/10  

and none could t a k e  C / 5 .  

(d) The e l e c t r o l y t e  l e v e l  v s  c e l l  p r e s s u r e  r e l a t i o n s h i p  i n  

t h i s  t e s t  does n o t  correspond t o  t h a t  d i s p l a y e d  i n  t h e  

c a l i b r a t i o n  curves  of F i g u r e s  1 0  and 11. For  example, 
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l -  

i n  Table  2: a t  t h e  C/S r a t e ,  a l e v e l  of 23% i s  shown 

f o r  a p r e s s u r e  o f  30 PSIA i n  c e l l  No, 1 (20 cc bel lows 

and NY-TEF Sep.) .  The c a l i b r a t i o n  curve f o r  t h i s  c e l l  

i n  F i g u r e  11 i n d i c a t e s  a l e v e l  from 0 t o  5% f o r  30 PSIA. 

This  d i f f e r e n c e  i s  a t t r i b u t e d  t o  t h e  presence  o f  c e l l  

gas  whi,ch i s  b e i n g  evolved v i g o r o u s l y  a t  t h e  C / 5  r a t e .  

E r r a t i c  p o i n t s  i n  t h e  p r e s s u r e  and l e v e l  p l o t s  a re  due 

t o  t h e  dis lodgement  of  t rapped  gas  w i t h  r e s u l t a n t  l e v e l  

drop  and corresponding p r e s s u r e  d i p .  

c. Proof Cycle Tests.  - Following t h e  exper ience  ga ined  i n  t h e  

b a s e l i n e  tests and i n  accord w i t h  t h e  o u t l i n e  f o r  parameter  

s t u d y ,  t h e  fo l lowing  changes i n  c e l l  make up were made. 

Former c o n t r o l  ce l l s  No .  4 and 8 were equipped w i t h  

polypropylene bellows of 50 p i l l o w  u n i t s .  Ce l l s  N o .  3 

and 7 were modified from 3 1  p i l l o w  u n i t s  t o  40 u n i t s  p e r  

bel lows system. A l l  8 bel lows equipped ce l l s  and t h e  

c o n t r o l  c e l l  were placed on manual 2 4  hour o r b i t  c y c l i n g  

f o r  r a t e  adjustmenl" t o  p e r m i t  au tomat ic  una t tended  c y c l i n g ,  

The i n i t i a l  t e s t  regime i s  as  fo l lows:  

Charge 22  hours  a t  375 mA (1.37 C i n p u t )  

Discharge 2 hours at 2 - 1  amps (0.7 6 output )  

F i g u r e s  19  through 22 show p l o t s  of t h e  c e l l  p r e s s u r e  and 

l e v e l  v a r i a t i o n  over one complete c y c l e  f o r  t h e  e i g h t  c e l l s  

p a i r e d  accord ing  t o  be l lows  t y p e ,  
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A number o f  p o i n t s  should  be noted: 

A s  found i n  t h e  preceding b a s e l i n e  t e s t s ,  bel lows 

response  t o  c e l l  p r e s s u r e  changes occurred  i n  a synchronous 

manner 

A l l  f o u r  graphs show double  p o i n t s  f o r  e l e c t r o l y t e  l e v e l  

i n  t h e  l a s t  t h i r d  of t h e  charge p e r i o d  when g a s s i n g  i s  

most v igorous .  This  f l u c t u a t i o n  i n d i c a t e s  t h e  degree  

of gas  entrapment o c c u r r i n g  w i t h  t h e s e  two s e p a r a t o r  

s y s  t e m s  

Both p r e s s u r e  and l e v e l  v a r i a t i o n  i n  t h e  l a s t  t h i r d  of  

charge  i s  n o t i c e a b l y  more e r r a t i c  f o r  t h e  a l l  t e f l o n  

s c r e e n  s e p a r a t o r  than i s  found w i t h  t h e  c l o t h - s c r e e n  

combination. T h i s  may i n d i c a t e  a channel ing  a c t i o n  i n s i d e  

t h e  c l o t h  which reduces entrapment  by t h e  s c r e e n  h o r i z o n t a l  

c r o s s  members 

A t  t h e  end o f  charge,  t h e  prompt p r e s s u r e  d e c l i n e  and 

l e v e l  b u i l d  up i n d i c a t e  b o t h  good recombinat ion r a t e  and 

good bel lows response.  By t h e  end o f  d i s c h a r g e ,  t h e  r e c o v e r y  

of l i q u i d  l e v e l  i s  n e a r l y  complete.  T h i s  f a v o r a b l e  i n t e r -  

a c t i o n  occurs  w i t h  both s e p a r a t o r s  and b o t h  t y p e s  of bel lows.  

It should  be noted  t h a t  t h i s  evidence of good recombinat ion 

has  o c c u r r e d  a t  r e l a t i v e l y  h igh  l i q u i d  l e v e l s  and i s  i n  

c o n t r a s t  t o  t h e  poor performance o b t a i n e d  i n  t h e  second 

q u a r t e r  w i t h  much lower l e v e l s .  

S ince  t h i s  improvement may be due i n  l a r g e  measure to t h e  
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a u x i l i a r y  e l e c t r o d e ,  t h e  planned t e s t s  f o r  e v a l u a t i o n  

o f  t h i s  e l e c t r o d e  by d i r e c t  comparison a r e  of c o n s i d e r a b l e  

i n t e r e s t  

Twenty-four hour cyc le  t e s t s  a r e  n e a r i n g  complet ion a t  

room tempera ture  and seemi.ngly r e l i a b l e ,  una t t ended  

c y c l i n g  has  been observed a t  charge  ra tes  n e a r  C/6. 

F u r t h e r  o p t i m i z a t i o n  of t h e  p l a s t i c  be l lows  assembly w i l l  

p recede  t h e  t e s t s  a t  0 ° C  and 40°C, 

2 . 2  Task 2 - F e a s i b i l i t y  of Bellows C o n t r o l l e d  E l e c t r o l y t e  Level  

I n  Sea led  Cd/KOH/AgO and Zn/KOH/AgO Cel l .  - 

2 - 2 . 1  General  C e l l  Design. - AE 8 AH s e a l e d  s i l v e r  cadmium c e l l  

, w i t h  p l a s t i c  be l lows  h a s  been des igned  and 2 4  are  under p roduc t ion ,  

The c e l l  was des igned  around t h e  t r a n s p a r e n t  RMD-4511 p o l y s t y r e n e  

c e l l  c a s e  f o r  which ESB purchased t o o l i n g  on C o n t r a c t  NAS5-1607. A 

g e n e r a l  o u t l i n e  o f  t h e  c e l l  assembly i s  shown i n  F i g u r e  23. 

The be l lows  w i l l  be  composed o f  r e c t a n g u l a r  h e a t  s e a l e d  polypropylene  

f i l m  p i l l o w s  h e l d  t o g e t h e r  i n  a l u c i t e  cage and i n s t a l l e d  i n  t h e  bottom 

of t h e  c e l l .  F i g u r e  24  i l l u s t r a t e s  t h e  b a s i c  p i l l o w  u n i t ,  t h e  h e a t  

s e a l i n g  d i e  and t h e  cage, Th i s  be l lows  i s  a r e c t a n g u l a r  v e r s i o n  of t h e  

round u n i t  p l a s t i c  be l lows  developed i n  Task 1, 

A number of p o i n t s  should  be cons ide red  r e g a r d i n g  t h i s  expe r imen ta l  

c e l l  des ign:  

a .  The p l a t e  pack does n o t  occupy t h e  e n t i r e  space  
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i n  t h e  c e l l  j a r  above t h e  bel lows and below t h e  

cover .  P l a s t i c  shims occupy t h e  unused space  t o  

main ta in  pack t i g h t n e s s  and reduce t h e  volume of 

f r e e  e l e c t r o l y t e  t o  be handled by t h e  be l lows .  

b.  The u s u a l  space i s  l e f t  above t h e  p l a t e  t o p s  f o r  

s e p a r a t o r  ex tens ion .  T h i s  i s  u t i l i z e d  t o  enhance 

oxygen recombination by running t h e  a u x i l i a r y  e l e c t r o d e s  

a l l  t h e  way up f o r  maximum s u r f a c e  area f o r  r e a c t i o n  

s i t e s .  The r a t i o  of oxygen e l e c t r o d e  exposed face 

area t o  t h e  p o s i t i v e  p l a t e  face area i n  t h i s  c e l l  i s  

1/3 

c. A t h i r d  t e r m i n a l  i s  provided  f o r  t h e  oxygen e l e c t r o d e ,  

This  p e r m i t s  a s t u d y  o f  performance w i t h  and w i t h o u t  

t h e  a u x i l i a r y  i n  e l e c t r i c a l  connec t ion  t o  t h e  n e g a t i v e  

c e l l  p o s t .  Measurement o f  recombinat ion branch c u r r e n t  

may b e  done with an ammeter i n  t h i s  e x t e r n a l  connect ion 

d.  The t o t a l  c e l l  j a r  h e i g h t  below t h e  cover  i s  occupied 

i n  t h e  fo l lowing  propor t ion :  

Bellows = 24% 

P l a t e  Pack = 59% 

Void space above and below p l a t e  pack = 17%. 

I n  comparing t h e  a c t u a l  volumes occupied,  t h e  

p r o p o r t i o n  becomes: 

Bellows volume = 30% 

P l a t e  pack volume = 55% 

Void volume = 15% 
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2 . 2 . 2  P l a t e  Pack Design. - The 24  c e l l s  a re  d i v i d e d  e q u a l l y  amont 

f o u r  s e p a r a t o r  systems as  shown i n  F i g u r e  25. Note t h a t  t h e  Borden C-3 

mater ia l  is employed by U-fold assembly, i n  one case on t h e  p o s i t i v e  

p l a t e s  and i n  t h e  o t h e r  on t h e  n e g a t i v e  p l a t e s .  

RC-901, i s  used as a h e a t  s e a l e d  bag, 

The p r o p r i e t a r y  m a t e r i a l ,  

The p l a t e  pack composition o f  4 p o s i t i v e  and 5 n e g a t i v e  p l a t e s  u s e s  

f u l l  p l a t e  t h i c k n e s s  on t h e  o u t e r  n e g a t i v e s  t o  provide  adequate  s u p p l y  

of  n e g a t i v e  a c t i v e  m a t e r i a l .  

The oxygen e l e c t r o d e s  a r e  suppl ied  w i t h  e l e c t r o l y t e  by t h e  s t r o n g  

wicking  p r o p e r t i e s  of EM-476 s e p a r a t i n g  it from t h e  o u t e r  n e g a t i v e s .  N e t  

s p a c e r s  are used t o  s e p a r a t e  t h e  o u t e r  face o f  t h e  e l e c t r o d e s  from t h e  

i n n e r  s u r f a c e s  o f  t h e  c e l l  j a r .  

2 . 3  Task 3 - F e a s i b i l i t y  of  Bellows Actuated Charge Cut-off .  - This  

approach to charge  and l e v e l  c o n t r o l  i s  b e i n g  made on t h e  b a s i s  of t h e  

Task 2 c e l l  d e s i g n .  

F i g u r e  26 i l l u s t r a t e s  t h e  design now b e i n g  n e g o t i a t e d  w i t h  t h e  be l lows  

s u p p l i e r  f o r  t h e  be l lows  a c t u a t e d  mechanical s w i t c h  combination. The 

b a s i c  s w i t c h  b e i n g  cons idered  i s  t h e  Type A T 1 - 1  subminia ture  u n i t  made 

by Metals and C o n t r o l s ,  I n c . ,  a d i v i s i o n  of  Texas I n s t r u m e n t s ,  I n c .  

The p l a s t i c  bel1,ows should  be u t i l i z a b l e  i n  combination w i t h  a 

p r e s s u r e  a c t u a t e d  swi tch .  Negot ia t ions  a re  under way w i t h  Texas 
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Ins t rumen t s ,  Inc .  f o r  use  of a swi tch  s imi la r  to  t h e i r  Types 2PS and 

3 PS 

The metal be l lows  under  des ign  for mechanical swi t ch  a c t u a t i o n  i s  

l i m i t e d  i n  t r a v e l  by t h e  use  of  r e s t r a i n i n g  s p r i n g s .  To compensate f o r  

t h i s  l a c k  o f  volume change, i t  seems q u i t e  f e a s i b l e  t o  u s e  p l a s t i c  

p i l l o w s  i n  t h e  same be l lows  chamber, I n  t h i s  way, charge c o n t r o l  should  

be o b t a i n a b l e  through both  swi t ch ing  a c t i o n  and l i q u i d  l e v e l  v a r i a i - i o n ,  

3 .  NEW TECHNOLOGY 

No new technology has  been in t roduced  i n t o  t h e  program d u r i n g  t h e  

t h i r d  q u a r t e r .  

4.. PROGRAM FOR NEXT QUARTER 

4 .1  Task 1. - The t e s t  program w i l l  be completed u s i n g  t h e  opt imized  

6 ampere hour  Ni-Cd s e a l e d  cells  equipped w i t h  b o t h  meta l  and p l a s t i c  

be l lows ,  Continuous c y c l i n g  a t  t h e  s h o r t e s t  o r b i t  w i l l  be  a t t empted ,  

w i t h  t h e  8 hour o r b i t  a s  a goa l .  Tests  a t  O°C and 40°C w i l l  b e  run ,  

q C 2  Task 2, - Complete t h e  assembly of 2 4  s e a l e d  Ag-Cd t e s t  c e l l s  

w i t h  p l a s t i c  be l lows  l e v e l  c o n t r o l ,  oxygen e l e c t r o d e s  and f o u r  d i f f e r e n t  

s e p a r a t o r  systems,  I n i t i a t e  t he  t e s t  program, Optimize e l e c t r o l y t e  

c o n t e n t  and complete t h e  t e s t  program a t  t h e  s h o r t e s t  p o s s i b l e  o r b i t ,  

4 - 3  Task 3. - Complete des ign ,  procurement and i n s t a l l a t i o n  o f  t h e  

be l lows- swi t ch  combination for bo-th mechanical  and p r e s s u r e  s w i t c h e s ,  

U t i l i z e  p l a s t i c  be l lows  i n  combination w i t h  me ta l  be l lows  where i n d i c a t e d ,  

Eva lua te  i n  t h e  t e s t  c e l l s  of  Task 2 "  
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Adequate l e v e l  c o n t r o l  u s i n g  bo th  me ta l  and p l a s t i c  be l lows  

has  been demonstrated i n  6 AH s e a l e d  Ni-Cd c e l l s  w i th  oxygen e l e c t r o d e s  

i n  a 2 4  hour o r b i t ,  E l e c t r o l y t e  l e v e l  has  v a r i e d  from f u l l  f l o o d  t o  

below 40% immersion. 

5 . 2  V e r s a t i l i t y  i n  f a b r i c a t i o n  and o p e r a t i o n  o f  a p l a s t i c  p i l l o w  

t y p e  be l lows  h a s  been developed. 

u n i t s  i n  a g iven  be l lows  chamber, the  be l lows  a c t i o n  can be  changed i n  

c h a r a c t e r  from most ly  compression t o  c h i e f l y  expansion o r  i t  can be 

e q u a l l y  d i v i d e d  between t h e  t w o .  

By adjus tment  of  t h e  number of "pi l low" 

5 .3  Thin polypropylene  f i l m  i s  t h e  b e s t  p l a s t i c  be l lows  m a t e r i a l  

o b t a i n e d .  It i s  e a s i l y  h e a t  s e a l e d  and has  e x c e l l e n t  f l e x i n g  p r o p e r t i e s ,  

No f a i l u r e  was reached  a f t e r  f l e x i n g  under 20% KOH f o r  26,500 c y c l e s ,  

of which ? ,a00  c y c l e s  were r u n  a t  room tempera ture ,  7,800 c y c l e s  a t  0 ° C  

and 11 ,000  c y c l e s  a t  40°C. Rectangular  p i l l o w s  were f l e x e d  28,000 

c y c l e s  a t  room tempera ture  wi thou t  f a i l u r e .  

5 . 4  The u t i l i z a t i o n  of  p r e s s u r e  s e n s i t i v e  and mechanical  s w i t c h e s  

w i t h  be l lows  appea r s  promising.  A combination of  meta l  and p l a s t i c  

be l lows  i s  worthy of t r i a l ,  
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APPENDIX A 

C o r r e c t i o n  of e r r o r  i n  Second Q u a r t e r l y  Report  on Page 45 

i n  Table  VII, "Design F a c t o r s  f o r  15 - 6 Ampere-Hour Cd/KOH/ 

N i O O H  S i n t e r e d  P l a t e  T e s t  C e l l s  f o r  E v a l u a t i o n  o f  Bellows 

Action". 

INCORRECT 

PLATES 

P o s i t i v e  - 6 p l a t e s  @ 1-3/4 X 1-3/4 X 0.050" 

Negative - 7 p l a t e s  @I 1-3/4 X 1-3/4 X 0.050" 

CORRECT 

PLATES 

P o s i t i v e  - 6 p l a t e s  @I 1-3/4 X 3-1/4 X 0.050'' 

Negative - 7 p l a t e s  @ 1-3/4 X 3-1/4 X 0.050" 

- 37 - 













K 
w 



. 



. 



. 









w 





L 



L 



a 
W 

!'J 
OL 
0 

Z 
s! 





K 









FIGURE 23 . 

j 
r 

SEAL PER E S B - P S - 2 5 3  

w @i-Y'AR ,216-2001-3 

Z-POTT IN 6 COVER 
SK-83276-12-10 
2-LEAD SLOT COVER 

1-CELL COVER 
S K -63 276 -7-2-l-A 
2-CEI-L POST 
150-100Q6-XL 

-VENT UOLE COLLAR 

8 t -AUX,ELECT. POST' 

9 f - G A S K E T  
0 150-10006 -9 

150 -IOOPI-P 0 

0 
30 Z-PLAsTI C S H I M  0 SI(-83 276 -T2 -11 
11 2-NET SPACER 

SY-83276 -n-ll 
Z-AUXt ELECTRODE 
5Y-83276 -12-4 

1-RELLOWS CAGE 
SY- 8 3 2 7 G - ~ ~ - l O A  

SPACE F O R  
P L A T E  PAeK 



~ ~ ~~~ ~~ 

DATE 4-6-G5 SUBJECT. ............................................................................................. P L A S T I  c BELLOWS SHEET NO ................... 3- ,OF .................. 1 - F S C  BY 
'IiKD* ................. DAT E ........................................................................................................................................ F O R  SE-ALED SILVER CADMIUM JOB NO 0 3 2 7 6  

.................................. ..................... 
.................................................. . -  CELL O F  8 AaHt  RAT€D CAP SI<- 8 3 2 7 6 7 2 -  10 ............................................................................................................................................................................................................................................................... 

f 

.4 

A -  8 E L L O W S  CAGE L CCNTEU SPACI! 

- -  -+ MATERIAL = LUCITE 
1" - -  

-7- CEMENT R€Z-N-BOND 

STOCK 

U 

B -  HEAT SEALING DIE 
FOR PLASTIC PILLOW 

M A T E R \ A L  = BRASS 
U S E  314 x l  

ALL 
E V G E S  

R E CTAN G u LAR 
S T O C K  NO, 31-26? 

C -  PLASTIC PILLOW FOR 
MU LTI- 5E C T I  0 N RECT- 

ANGULAR BELLOWS 

MATT R I &  1 = POLY QROPY LE NE 
FILM - 4 M I L S  
TH\CK PROD. BY 
A V I S U N  CO, 



W I I  
I I  

F IGURE Z r  

POS. 



r 

S C A L E  = F U L L  
R E F  A W L V  




